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Distinctive Features of (most) Apicomplexan Parasites
• Complex developmental
life cycle involving temporal
differentiation, latent cysts

• Intracellular pathogen;
parasitophorous vacuole
mediates interaction with
the host cell

• Replicates by assembling
daughter parasites within the
mother (schizogony)

• Standard eukaryotic machin-
ery, plus unusual organelles:

- rhoptries & micronemes (for
host cell attachment/invasion)

- conoid (apical cytoskeleton)
- inner membrane complex
(assembly of daughter cells)

- apicoplast (2° endosymbiont)



QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

Cryptosporidium species – class B biodefense agent
Biology: common intestinal pathogen
Clinical: immunosuppressed individuals, no treatment
Research: laboratory study extremely difficult
Genomics (and beyond)

– 9 Mb C. parvum sequence completed;
C. hominis sequence effectively complete

– highly reduced metabolic pathways;
many horizontally-transferred genes 
including potential drug targets);
multiple transporters

– few ESTs (~1K); arrays in planning?;
proteomics difficult

– Cryptosporidium genome database
(CryptoDB.org) on-line since 2004



Toxoplasma gondii – class B biodefense agent
Biology: ubiquitous human pathogen
Clinical: congenital infection, immunosuppressed individuals
Research: accessible model organism
Genomics (and beyond)

– ~65 Mb reference sequence effectively complete, seq. of two additional strains proposed
– ~100K ESTs, ~400K SAGE tags, representing all major strains, 3 life-cycle stages
– cDNA-based glass slide arrays in use, photolithographic arrays under development
– some proteomics data available, especially for apicomplexan-specific organelles
– Toxoplasma genome database (ToxoDB.org) on-line since 2002







Plasmodium species – (re)emerging pathogens
Biology: extreme specialist; important force in human evolution
Clinical: problem acute & growing; drug-resistance, no vaccine 
Research: laboratory study now possible (but difficult)
Genomics (and beyond)

– 23 Mb genome P. falciparum sequence completed; complete sequencing of P. vivax in 
progress; 3-5X coverage available for several other species (P. berghei, P. chabaudi, P. 
gallinaceum, P. knowlesi, P. yoelii); sequencing of field isolate planned

– 24K ESTs available for P.falciparum, 1K for P.vivax, 25K for rodent malaria species (P. 
berghei & P. yoelii); some SAGE tag data, high quality expression profiling data from both 
glass-slide and photolithographic oligonucleotide arrays

– Plasmodium genome database (PlasmoDB.org) on-line since 2000



Candidate Vaccine Antigens
query, part 1: secreted proteins



Candidate Vaccine Antigens
query, part 2: phylogenetic profile



Identification of ortholog groups using OrthoMCL

Markov Clustering Ortholog / In-paralog
groups 

Similarity Matrix
Normalized edge weights

Within species:
reciprocal better similarity pairs

define putative in-paralogs

Between species:
reciprocal best similarity pairs

define putative orthologs

Protein sequences from 
multiple organisms

All-against-all
BLASTP

Li et al, Genome Research 13:2178-90 (2003)



Comparison of KOG and OrthoMCL groups

67161
(85%)

3311
(4%)

41820 
(53%)

22030
(28%)

78308 
(88%/99%)

78998
(69%)

88654
(78%)

112920Number of
sequences

5719 (56%) /
12140 (91%)

568 (5%) /
469 (3%)

3597 (35%) /
6989 (52%)

5151 
(51%/38%)

1325310058Number of 
groups

Coherent 
groups

OrthoMCL
extends 

KOG

KOG 
extends 

OrthoMCL

Identical 
groups

Grouped 
by bothOrthoMCLKOGTotal

About half of OrthoMCL groups are identical with KOG groups
OrthoMCL and KOG group sequences coherently
KOG includes more proteins into fewer groups

EC-consistency of OrthoMCL and KOG groups

EC-annotated
(% possible)proteins groups

(% poss.)

EC-
annotated
(% of total) 

proteins groupsproteins (%
of proteome)groups

Consistent EC assignments 
Groups with ≥2 proteins for 

which complete EC 
annotations are available

Total dataset

Methods 

3359 (76)9927772 (83)4393 (92)1447192688645 (78)10058KOG

3495 (84)8123886 (88)4122 (86)1046099878998 (69)13253OrthoMCL

Li Li & Feng Chen, unpublished



Candidate Vaccine Antigens
query, part 3: expression profile



Available microarray datasets spanning the P. 
falciparum intraerythrocytic life cycle  

Le Roch, KG, Y Zhou, PL Blari, M Grainger, JK Moch, JD Haynes, 
P De La Vega, AA Holder, S Batalov, DJ Carucci & EA Winzeler
(2003)Discovery of gene function by expression profiling of the 
malaria parasite life cycle.  Science 301:1503-8

Bozdech, Z, M Llinas, BL Pulliam, ED Wong, J Zhu & JL DeRisi
(2003)The transcriptome of the intraerythrocytic developmental 

cycle of Plasmodium falciparum.  PLoS Biol. Epub: Aug 18.
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How to compare?



Comparing expression profiles across platforms
Le Roch et al  Sorb / Temp data Bozdech et al strain HB3 data

Absolute
Expression

Values

Percentiled
Expression Values

Fold Induction/Repression
(log ratio expression)
GS:  log2(red / green)
Affy:  log2(xi / ave[x])

Example: MSP1 Philip Labo & Greg Grant, unpublished



Concordancelow high

Assessing profile concordance  

Philip Labo & Greg Grant, unpublished
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Candidate Vaccine Antigens



The Genomics Unified Schema (GUS):
A Functional Genomics Data Management System

Object Layer for Data Loading
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GUS: Genomics Unified Schema
http://www.gusdb.org

MIAME/MAGE-OMGene ExpressionRAD

EST clusters
Gene models

Sequence and 
annotationDoTS

DocumentationData ProvenanceCore

OntologiesShared 
ResourcesSres
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organizationGene RegulationTESS

FeaturesDomainNamespace



Pipeline API

Web Development
Kit

Warehouse
(Oracle or PostgreSQL)

Queries &
Analysis

your data 
GenBank

NRDB
dbEST
SNPs

gene traps
microarrays
phenotypes
pathways
orthologs
taxonomy

GO
SO
EC

and more…

Data Load API

Plugins (data loaders)

Perl Object Layer

GUS Components



Functional Genomics with GUS
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psidev.sf.netwww.mged.org www.scgap.org



Central Dogma and Sequences 
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Finding all “kinases” in P. falciparum



Gene Pages Integrate Sequence with Functional Gx



The RAD Study Annotator 

Satisfies the MIAME checklist, using the 
MGED Ontology

Allows entering very specific 
experimental details

Web-based forms:
Modular structure
Written in PHP
Front-end data integrity checks using 

JavaScript

Manages data privacy, based on project 
& group selections in GUS schema

Manduchi et al, Bioinformatics 20:452-459 (2004)



Obtaining and Using GUS; Visions for the Future 
• see www.gusdb.org; more info at www.gusdb.org/documentation
• active gusdev mailing list
• relatively straightforward to install, but loading data can be a struggle

– growing number of tools available
– addressing how to use and write tools with visits
– improve ‘install’ scripts, documentation
– postgres version

• Web Development Kit (WDK) to generate web sites on GUS
• extendable to all areas of functional genomics

– sequence & array-based expression experiments
– array CGH, 2D gel electrophoresis, MS, yeast-2-hybrid data, etc
– in situ hybridizations, metabolites

• Interoperability with other GUS installations and common tools
– exchange files and scripts, MAGE-ML (use community standards
– web services (exchange objects)
– interface with open source tools (Gbrowse, Artemis, Apollo, etc)



Plans for ApiDB

• Separate GUS installations for PlasmoDB, ToxoDB, 
CryptoDB, and ApiDoTS (to become ApiDB)
– each project on its own release schedule
– common download repository for synchronizing third-party data

• Web portal providing queries across resources
– web services to federation of GUS installations
– queries based on common relationships

• GO assignments
• Ortholog and paralog groups
• E.C. assignments and pathways
• etc


